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Introduction
The Large Hadron Collider (LHC) is currently operating at 13 TeV with the hope of discovering hints of the existence of New Physics (NP). Supersymmetry (SUSY) is one of the most studied scenarios and the main focus of NP searches at the LHC. No new particle has been discovered so far, yet strong constraints on superparticle masses and interactions are obtained. One of the strongest motivations for SUSY is that it offers a good dark matter (DM) particle candidate, and it is therefore useful to study the complementarities between LHC and DM detection constraints. However, DM detection searches suffer from large astrophysical uncertainties, namely on the DM distribution in the Galaxy and on cosmic ray propagation through the galactic medium. In this study, we evaluated the effects of those uncertainties on direct and indirect DM detection experimental limits, and examined their impact on the constraints on the minimal supersymmetric extension of the Standard Model (MSSM) and the interplay of those constraints with collider limits. More precisely, we considered the phenomenological MSSM (pMSSM) with its 19 parameters, which is the most general R-parity and CP-conserving MSSM scenario respecting minimal flavour violation, and we assumed that the lightest neutralino is the lightest superparticle. This scenario is general enough so that our main conclusions can hold in other supersymmetric scenarios. A detailed description of this study can be found in [1] .
Method
For this study, 20 million pMSSM points have been generated in a random flat scan with SOFTSUSY [2] , taking 1 < tan β < 60, sfermion masses up to 3 TeV, gaugino mass parameters between -3 and 3 TeV, 50 < M A < 2000 GeV, and trilinear couplings between −10 and 10 TeV. SuperIso Relic [3] and MicrOMEGAs [4] are used to compute dark matter observables. As the event generations and detector simulations needed for the LHC analysis is computationally very time consuming, we excluded from the sample of points, those in disagreement with the light Higgs mass constraint, flavour physics, and LEP and Tevatron limits, as well as the upper bound of the relic density [5] . The remaining sample of points is then composed of 63% of wino-like neutralinos, 32% of higgsino-like neutralinos, 3% of bino-like neutralinos and 2% of mixed-state neutralinos (a neutralino is said to be of a certain type if the corresponding element in the neutralino mixing matrix is larger than 90%). The small number of bino-like neutralinos is due to the upper bound of the relic density, as binos have generally small annihilation cross-sections and hence large relic densities.
We explored the impact of astrophysical uncertainties on the exclusions of our model points using direct and indirect detection experimental limits. For the direct detection, we used the XENON1T upper limit on the spin-independent DM-nucleon scattering cross-section [6] . This limit strongly depends on the value of the local DM density and on the DM velocity profile in the Earth rest frame. Assuming a Standard Halo Model, the galactic disc rotation velocity is the main parameter of the velocity profile. In this work, we used three typical values v rot = 200, 220 and 250 km/s. As for the local DM density, we considered that it lies between 0.2 and 0.6 GeV/cm 3 and chose three benchmark values ρ 0 = 0.2, 0.4 and 0.6 GeV/cm 3 . To assess the impact of these parameters, we have rescaled the XENON1T limit according to the different parameter values. The Direct detection Indirect detection results are shown in figure 1 . It appears clearly that the local DM density value is the dominant source of uncertainty in the direct detection limit as it can shift the limit by a factor 2. Concerning indirect detection, we mainly focused on the constraints coming from AMS-02 antiproton data [7] . Following the procedure described in [8] , we derived limits on the neutralino annihilation cross section times velocity, using three different DM halo profiles: Einasto, NFW and Burkert [9, 10, 11] , and the benchmark models MED and MAX describing antiproton propagation through the galactic medium. The MED (MAX) model provides a conservative (stringent) bound on the dark matter antiproton signal. The result is shown in figure 1 for the neutralino annihilating into W + W − , but similar limits were also calculated for the other channels. It can be seen that the antiproton propagation is the main source of uncertainty, changing the limits by a factor 4. The most conservative limit corresponds to the MED model combined with the Burkert profile, while the most stringent case corresponds to the MAX parameters with the Einasto profile. For comparison, we also performed a combined analysis of the 19 confirmed dwarf galaxies observed by Fermi-LAT [12] . Based on this analysis of the astrophysical uncertainties, we defined three different scenarios for the astrophysical parameters: a conservative case, with MED propagation model, Burkert profile and ρ 0 = 0.2 GeV/cm 3 , a standard case using Fermi-LAT constraints and ρ 0 = 0.4 GeV/cm 3 , and a stringent case with Einasto MAX and ρ 0 = 0.6 GeV/cm 3 . In addition, we considered limits from collider searches taking into account the LHC 13 TeV results. In particular, we considered monojet and SUSY direct searches, light Higgs signal strength constraints, as well as heavy Higgs decay constraints H/A → ττ (we refer the reader to [1] for more details).
Constraints in the pMSSM
The LHC search results exclude a substantial fraction of our sample of points (≈ 70%), but direct and indirect searches provide complementary constraints. Almost all the mixed-state neutralinos are excluded by direct detection constraints, independently of the astrophysical uncertainties. Next, higgsino-like neutralinos are the most excluded type of neutralinos. All types considered together, between 5 and 9% of our points are excluded by direct detection, depending on the chosen local DM density value, while not being probed by the LHC (see figure 3) . Indirect detection constraints present also interesting features. As can be seen in figure 2, winos and higgsinos form two separate strips with large annihilation cross sections for masses above 80 GeV in the (M χ , σ v ) parameter plane. Winos annihilate mostly into W + W − , and higgsinos into W + W − and ZZ. Imposing the constraints from antiproton data in the conservative case Burkert MED, we excluded points from the wino strip up to 500 GeV, while in the stringent case Einasto MAX, we excluded winos up to ≈ 1 TeV. Fermi-LAT upper limit lies between those two extreme cases, excluding winos between 80 and 700 GeV and also a significant fraction of higgsinos (see figure 2) . In addition to the LHC constraints, indirect detection allowed us to exclude between 11 and 18% of the points, depending on the astrophysical parameter values. The indirect detection contribution can then be substantial, yet it still suffers from large astrophysical uncertainties. Indirect detection is particularly important since it can exclude some compressed scenarios, even in the most conservative case, that are not probed by the LHC.
Conclusions
We studied the implications of dark matter searches, together with collider constraints, on the pMSSM with neutralino dark matter focusing on the consequences of the related uncertainties. The latest LHC constraints exclude 70% of our sample of points. We showed that direct detection constraints from XENON1T exclude a robust fraction of our points, essentially with a higgsino-like neutralino 1. In addition to the LHC, between 5 and 9% of the points are excluded depending on the value of the local DM density. Indirect detection constraints on the other hand are more sensitive to the astrophysical uncertainties, and depending on the astrophysical scenario can exclude an additional fraction of 11 to 18% of the points. Indirect detection can then have a significant role, especially when considering the prospects of future experiments such as CTA [13] , but before CONSERVATIVE STANDARD STRINGENT Figure 3 : Fraction of the pMSSM points satisfying the light Higgs mass, relic density, LEP and flavour constraints excluded by direct and indirect detections and LHC constraints.
improvements in our knowledge of the galactic center, it will not lead to solid conclusions in terms of MSSM constraints.
In conclusion, when applying constraints from direct detection experiments on the MSSM, an intrinsic uncertainty of a factor 3 in scattering cross-sections needs to be considered to take into account the uncertainties on the local dark matter density and velocity. Similarly, when considering indirect detection experiment limits in the MSSM, for the gamma-ray spectra a variation of about 30% in the annihilation cross-sections is possible due to the uncertainties from dark matter profiles in dwarf spheroidals, and for the antiproton limits one order of magnitude mainly due to the propagation models.
